Objective: To determine the efficacy and safety of radiofrequency (RF) ablation of vesicles and the resulting symptomatic control of microcystic lymphatic malformation (LM) in the oral cavity.
L

YMPHATIC MALFORMATIONS
(LMs) are spongelike, abnormally developed lymphatic channels that are present at birth and grow commensurately with the child. Groetach 1 theorized that lymphatic channels grow outward from veins, whereas McClure and Sylvester 2 argued that the lymphatic system develops independently and forms communication with the venous system later in development. Regardless of which theory of lymphatic embryogenesis is correct, LM occurs when there is an abnormal communication with the normal venous drainage system.
The modern nomenclature classifies LM as macrocystic or microcystic on the basis of cyst size. In the head and neck region, macrocystic lesions typically occur below the level of the mylohyoid muscle and are amenable to excision or sclerotherapy. [3] [4] [5] [6] [7] [8] [9] Microcystic lesions, on the other hand, are composed of small thin-walled spaces that permeate surrounding soft tissue, making resection difficult and sclerotherapy ineffective. Complete excision of microcystic LM is not possible without unacceptable morbidity and deformity. Partial or subtotal resection, however, has a high recurrence rate. Recurrence may be due to hydrostatic changes and expansion as inflow of lymph is shunted toward the remaining dilated lymphatic spaces. This may explain the massive enlargement of the tongue often seen after resection of LM in other areas of the head and neck. Recurrence may also be due to sprouting of truncated lymphatic channels. This lymphangenesis is shown by new vesicle formation on mucosal surfaces and the presence of LM in areas that were previously disease free.
Radiofrequency (RF) ablation is an attractive method for treating microcystic LM in the oral cavity because it destroys tissue at low temperatures (40°C-70°C) with minimal damage to adjacent tissues. Theoretically, the reduced thermal energy and destruction of tissue may diminish regrowth of residual malformation and may also improve wound healing. Two methods have been described for ablation of tissue by RF energy. In the first, a bipolar electrode is inserted directly into the tissue, where the current density creates heat and subsequent tissue destruction. Several passes of the electrode are typically needed to ablate the deeper soft tissue while the superficial mucosal layer is preserved. During a 4-to 6-week period, the damaged tissue contracts with reduction of volume. This method has been used in the head and neck to reduce tissue in the base of the tongue, 10 the palate, 11 and the inferior turbinate. 12 In the second method of ablation, bipolar RF energy is applied in a conductive medium, such as isotonic sodium chloride solution, creating a plasma field. The ionized particles in this field acquire enough energy to break chemical bonds and the tissue dissolves. 13 The handpiece or "wand" that creates the plasma field also aspirates the dissolved tissue. Ablation proceeds from a superficial to a deep plane, destroying the mucosal surface as the wand is applied directly to the tissue. This method of RF ablation (also called coblation) has been used for tonsillectomy [14] [15] [16] and was the method used in our study.
We hypothesized that RF energy can be used effectively for partial excision of LM in the oral cavity, thus reducing symptoms of bleeding, infection, pain, and vesicle reformation.
METHODS
The study group consisted of children evaluated at Children's Hospital Boston who had received a diagnosis of intraoral LM and were treated with RF ablation. Patient medical records were reviewed for the location of the lesions, previous treatment received, presenting symptoms, complications, and findings at follow-up. Sixteen patients were treated between August 1, 2002, and December 1, 2004. Five patients were excluded because their follow-up was shorter than 5 months (n=4) or they could not be contacted to complete the questionnaire (n = 1). Of the remaining 11 patients, there were Abbreviations: BOT, base of the tongue, FOM, floor of the mouth; URIs, upper respiratory tract infections. *Degree of improvement in bleeding, infection, vesicle formation, and pain as rated by the parents, who chose between 5 possible answers: worse, no change, slight improvement (ϩ), significant improvement (ϩϩ), or resolution of symptoms (ϩϩϩ).
5 boys and 6 girls. Patient ages ranged from 4 to 16 years (mean age, 9.4 years). Eight patients had undergone previous procedures, including tracheotomy (n = 1), laser therapy (n = 3), subtotal excision (n = 7), and sclerotherapy (n = 4) ( Table) . Ten patients had experienced recurrent infections, and all had been treated with antibiotics (n = 7) and/or chlorhexidene gluconate rinsing (n=5).
Radiofrequency ablation was performed by the senior author (R.R.) with the patients under general anesthesia and while using oral or nasal intubation, depending on the location of the LM. Intraoperative antibiotic and corticosteroid (dexamethasone, 0.5 mg/kg) treatment was administered. Radiofrequency ablation was performed using a coblator (EVac 70 Plasma Wand; ArthroCare Corp, Sunnyvale, Calif), and the vesicles and microcysts were removed in layers (from superficial to deep). The lesion's location determined the depth of the ablation. For lingual lesions, the vesicles were removed down to muscle and the wound was allowed to heal by secondary intention (Figure 1 and Figure 2) . Labial vesicles were ablated in a similar fashion to improve lip contour (Figure 3) . Submucosal lesions that caused functional problems because of their size were partially excised (Figure 4) . All patients were extubated at the end of the procedure and discharged home with 7 to 10 days of oral antibiotic therapy. Preoperative, intraoperative, and postoperative photographs of the lesions were obtained with a digital camera on the macro setting (Coolpix 5200; Nikon Inc, Mellville, NY).
Parents were contacted and questioned about previous treatment, previous and current symptoms, postoperative recovery, and complications and were asked to compare the effectiveness of earlier treatments (excision, laser, or sclerotherapy) with that of RF ablation ( Figure 5 ). To assess symptomatic control after RF ablation, parents were also asked to rate the degree of improvement of bleeding, infection, vesicle reformation, and pain, choosing between 5 possible answers.
RESULTS
Eleven patients underwent RF ablation with follow-up longer than 5 months (mean [range], 15.5 months). Seven (64%) of the 11 patients tolerated oral intake in the recovery room; the remaining 4 patients (36%) began oral intake within 24 hours. No patient required postoperative endotracheal intubation. The estimated blood loss in all 11 patients was less than 5 mL each. All patients were admitted for observation and discharged the following day. Four patients (36%) resumed regular activities within a day; 5 (45%), within a week; and 2 (18%), within 2 weeks.
The parents of all 11 patients reported improvement in problems associated with LM (bleeding, infection, Ofthe8parentswhosechildhadundergonepreviouspro-cedures (excision, laser, or sclerotherapy), 5 (62%)reported that RF ablation was more effective at controlling symptoms. The remaining 3 parents (38%) reported that there was no difference compared with previous procedures.
Six (55%) of 11 patients had required intravenous or oral antibiotic therapy at least once a month before RF ablation. After RF ablation, no patient required monthly antibiotic therapy. One patient was given a course of intravenous antibiotic therapy (at 14 months after RF ablation) and subsequently underwent sclerotherapy; another patient required a single course of oral antibiotics (at 8 months after RF ablation).
COMMENT
Patients with microcystic LM of the oral cavity experience recurrent infections, swelling, and tenderness. In addition, involvement of the tongue often causes dysphagia, dysarthria, or airway obstruction. Mucosal vesicles are often persistent and cause bleeding, tenderness, and oozing. Symptoms often worsen during upper respiratory tract infections or after trauma owing to intralesional bleeding. Treatment goals for microcystic LM include providing a safe airway, reducing symptoms, correcting functional problems, and improving appearance. Because complete resection is rarely possible, treatment focuses on reducing symptoms while causing as little damage as possible to adjacent tissue.
Patients in our study were typically treated with systemic antibiotics and attempts to improve oral hygiene, eg, with rinses and frequent dental care. Eight of these patients had undergone other procedures without resolution of the symptoms caused by vesicles. All of the patients reported an improvement in the frequency and severity of their symptoms, and more than half responded that there was significant improvement or complete resolution. These findings are consistent with other published series on resection 5, 8 and sclerotherapy [17] [18] [19] [20] in which success rates ranged from 0% to 50% for microcystic lesions. Published case reports and small series have also reported using in-column electrocoagulation, 21 carbon dioxide laser excision, 22, 23 and RF ablation (with an electrode probe). 24 One deficiency of this study is that the questionnaire we used to assess symptom improvement has not been validated. An outcome survey that is specific to head and neck vascular anomalies in children would be an important instrument in monitoring symptoms and assessing the efficacy of various treatments.
In conclusion, our preliminary results for RF ablation of intraoral LM show minimal postoperative morbidity with minimal blood loss and early oral intake. All patients experienced at least some improvement of symptoms (vesicle formation, bleeding, infection, and pain), with more than half reporting a significant improvement or complete resolution. Further study is 
